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ABSTRACT 
Objective: The study was carried out with an objective to design technological combinations and fed batch approach for improved production of 
therapeutically and industrially important molecule L-tyrosine. 
Methods: Technological combinations (23) were designed with optimized chemical parameters for the biotransformation of phenol to L-tyrosine 
with resting cells of C. freundii MTCC 2424. Eight combinations were obtained by combination of varying three optimized chemical parameters 
(ammonium chloride, phenol and sodium pyruvate). To observe the effect of phenol on L-tyrosine biosynthesis, two fed batch experiments were 
designed on the basis of its concentrations. The L-tyrosine formed was detected and quantified by HPLC technique. 
Results: Maximum L-tyrosine conversion in technological combinations was observed with lower concentration of phenol than optimized value. In 
fed batch studies, higher phenol concentration was found to be inhibitory for L-tyrosine synthesis due to phenol inactivation of catalyst. 
Conclusion: The present approach is helpful in comparing the fermentation processes and designing of better bioprocesses. Production of L-
tyrosine at minimum cost and energy is helpful in meeting the challenging need of various industries.  
Keywords: L-tyrosine, technological combinations, fed batch, Citrobacter freundii MTCC 2424.
 
INTRODUCTION 
Aromatic amino acids possess considerable industrial interest, 
particularly for their use as pharmaceuticals, food and feed 
additives, dietary supplements and neutraceuticals [1]. The 
biosynthetic pathway of aromatic amino acids in microorganism is 
well known and has been subjected to various metabolic engineering 
approaches in past years. Tyrosine is an aromatic amino acid, one of 
the building blocks of protein. It is used as precursor in synthesis of 
some drugs [2], biodegradable polymers [3], melanin [4] and 
phenylpropanoids [5]. A number of studies on human have found 
tyrosine to be useful during condition of stress, cold, fatigue [6], loss 
of a loved one such as in death, prolonged work and sleep 
deprivation [7,8], improvements in cognitive and physical 
performance [9-11]. Tyrosine phenol lyase (TPL) is an enzyme that 
catalyzes the synthesis of L-tyrosine. TPL also referred as β-
tyrosinase, is a pyridoxal enzyme [12]. This enzyme has been found 
to exist in a number of bacteria but some species in particular 
namely Citrobacter freundii, Escherichia intermedia and Erwinia 
herbicola have been recognized for high enzyme activity [13]. 
Citrobacter freundii belongs to family Enterobacteriaceae. These are 
aerobic gram negative bacilli, long rod shaped bacteria and present 
in environment (soil, water, and sewage), food, intestinal tracts of 
animals and humans [14]. 
L-tyrosine has been used as nutritional supplements and mild 
antioxidants to alleviate the acute cases of Parkinson’s symptoms 
[15]. L-tyrosine is required to make several neurotransmitters such 
as L-DOPA, dopamine, epinephrine and norepinephrine [16-18]. L-
tyrosine derivatives in body fluids play regulatory roles in functions 
of hormonal system in the adrenal, thyroid, and pituitary glands. The 
hormones epinephrine and norepinephrine have therapeutic use 
such as cardio stimulants in the treatment of acute circulatory 
insufficiency and hypotension [19]. Considering the importance of L- 
 
tyrosine and   its use in synthesis of molecules of therapeutic  and 
industria l value   the   present  study entitled   “To   design  the 
technological combinations and fed batch approach for 
biotransformation of phenol to L-tyrosine with resting cells of 
Citrobacter freundii MTCC 2424” was carried to enhance its 
production. 
MATERIALS AND METHODS 
Microorganism and Maintenance of culture 
The culture of C. freundii MTCC 2424 was procured from 
Department of Biotechnology, Himachal Pradesh University, Shimla, 
India and used for this study. The culture was maintained on L-
tyrosine agar media containing (%, w/v) meat extract 0.5, yeast 
extract 0.5, peptone 0.25, L-tyrosine 0.1 and agar 2.0 [20]. The pH of 
media was maintained at 7.5. The plates were incubated at 30 °C for 
24 h after inoculation. Periodical sub-culturing was carried out and 
glycerol stocks of culture were prepared and stored at -40 °C. 
Estimation of cell mass 
Cells of C. freundii MTCC 2424 were harvested by centrifuging the 
broth at 10,000 rpm for 10 min in a refrigerated centrifuge (4 °C) 
and known amount of wet cell pellet was placed in oven at 80 °C for 
overnight and corresponding absorbance of cell slurry was 
measured at 600 nm in a spectrophotometer. The known dried cell 
weight corresponding to their optical cell density was recorded and 
a standard graph was plotted between dry cell weight and A600. The 
cell mass in terms of dry cell weight (dcw) was measured from 
standard curve. 
Tyrosine phenol lyase assay and estimation of ammonia 
The α,β-elimination reaction was used for assay of enzyme. TPL 
converts tyrosine to phenol, pyruvate and ammonia. The amount of 
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liberated ammonia was measured via spectrophotometer. Since TPL 
was found to be intracellular in nature, the resting cells suspended 
in borate buffer (0.1 M, pH 8.5) were used for enzyme assay. Activity 
of TPL from whole cell of C. freundii MTCC 2424 was expressed in 
terms of units (U). Ammonia released from hydrolysis of L-tyrosine 
was estimated by Berthlot color reaction [21] for assay of enzyme 
activity.  
HPLC analysis of L-tyrosine 
The L-tyrosine formed from biotransformation reactions was 
detected and quantified by HPLC equipped with a reverse phase 
column and UV spectrophotometer. The reaction mixture was 
centrifuged (10000 rpm for 10 min) to remove all suspended 
particles. The supernatant was filtered through 0.20 µ filters and 10 
µl of samples were loaded on HPLC column. The column was eluted 
with 0.01 M ammonium acetate buffer (pH 3.5) at a flow rate of 1 
ml/min and the detection was done at 280 nm. The amount of L-
tyrosine formed was calculated from standard curve. 
Preparation of seed and production cultures 
Seed and production medium used were of same composition 
containing (%, w/v) meat extract 0.5, yeast extract 0.5, peptone 0.25, 
L-tyrosine 0.1 with pH 7.5 [20]. Sterile seed culture (50 ml) was 
inoculated with a loopful of a culture grown an agar plates and 
incubated at 25 °C in a temperature controlled incubator shaker at 
150 rpm for 4 h. The exponential phase cell mass (4 h old) was used 
as inoculum (6 %, v/v) for 100 ml sterile production medium and 
flasks were incubated at 25 °C in a temperature controlled incubator 
shaker at 150 rpm for 16 h. After 16 h, the broth was centrifuged at 
10,000 rpm for 10 min and cells pellet was washed three times with 
borate buffer (0.1 M, pH 8.5). The washed pellet was suspended in 
10 ml borate buffer. The resting cells (30 OD, 0.48 mg/ml dcw) were 
used as catalyst for biotransformation reactions. 
Optimization of various process parameters for 
biotransformation of phenol to L-tyrosine with resting cells of C. 
freundii MTCC 2424 in a fermenter 
Biotransformation studies were carried out in a 2 l laboratory 
fermenter. The bioconversion percentage was calculated on the 
basis of phenol supplied and L-tyrosine formed (w/w). Before 
designing technological combinations, various process parameters 
viz. selection of suitable ammonium salt (ammonium chloride, 
ammonium sulphate, ammonium nitrate, ammonium acetate), 
concentration of ammonium chloride, concentration of phenol, 
concentration of sodium pyruvate, pH of borate buffer, incubation 
temperature, incubation time for biotransformation were optimized 
[22]. 
Technological combinations (23) with optimized chemical 
parameters for the biotransformation of phenol to L-tyrosine 
with resting cells of C. freundii MTCC 2424 
In order to reduce the cost of reaction mixture and to find out the 
most suitable substrate concentration for biotransformation of 
phenol to L-tyrosine with resting cells of Citrobacter freundii MTCC 
2424, technological combinations (23) were applied in designing the 
experiments. For this purpose, instead of one parameter being 
varied, different combination of optimum and next lower level of 
optimized substrate concentration was used. The experiments were 
carried out with optimized chemical parameters. Eight combinations 
were obtained by combination of varying three chemical parameters 
(ammonium chloride, phenol and sodium pyruvate). The 
biotransformation reactions were carried out at 35 °C for 45 min in 
borate buffer (0.1 M, pH 8.5). Designing the experiment with 
technological combinations is a statistical approach that examines 
all the possible combinations of independent variables at 
appropriate levels in a single experiment. 
Fed batch studies for biotransformation of L-tyrosine 
It has been reported that due to toxic nature of phenol, it cannot be 
used at higher concentration in reaction mixture for its 
biotransformation to L-tyrosine. Hence, in order to control the 
phenol concentration in reaction mixture, fed batch approach was 
tried. To achieve maximum product formation, two fed batch 
experiments were designed on the basis of phenol concentrations. 
The experiments were carried out at 35 °C, 100 rpm for 1 h. In one 
set of reaction, the initial reaction mixture (500 ml) in fermenter 
contained ammonium chloride (0.25 M), phenol (0.05 M), sodium 
pyruvate (0.2 M) and the biotransformation was carried out for 30 
min. After 30 min of biotransformation in batch mode, 0.05 M 
phenol was added to the reaction mixture and the biotransformation 
was further continued for 30 min under the same conditions. In 
another set of reaction, double amount of phenol (0.1 M) was used in 
batch mode. Initially the fermenter contained ammonium chloride 
(0.25 M), phenol (0.1 M), sodium pyruvate (0.2 M) and the 
biotransformation was carried out in batch mode for 30min. An 
addition of 0.05 M phenol was done to observe its effects on L-
tyrosine biosynthesis. Sampling was done at interval of 30 min and 
L-tyrosine formation was estimated by HPLC technique. 
RESULTS AND DISCUSSION 
Colonies of C. freundii MTCC 2424 were observed on inoculated L-
tyrosine agar medium after incubation at 30 °C for 24 h (fig. 1). 
Biotransformation studies were carried out in 2l laboratory 
fermenter (fig. 2). Out of different process parameters optimized, 
ammonium chloride 0.25 M, phenol 0.1 M, sodium pyruvate 0.2 M, 
buffer 0.1 M, pH 8.5, reaction temperature 35 °C and incubation time 
45 min were found to be optimum for maximum production of L-
tyrosine. 
 
Fig. 1: Colonies of C. freundii MTCC 2424  on L-tyrosine 




Fig. 2: Fermenter used for biotransformation. 
 
The maximum conversion of phenol to L-tyrosine with resting cells 
of C. freundii MTCC 2424 in technological combinations observed 
was 78 % (3.67 g/l) when reaction mixture (500 ml) contained 0.25 
M ammonium chloride, 0.05 M phenol and 0.2 M sodium pyruvate. 
When phenol concentration was increased to 0.1 M in the reaction 
mixture keeping all other components constant, the conversion was 
70 % with 6.59 g/l of L-tyrosine biosynthesis. Maximum L-tyrosine 
conversion in technological combinations was observed with lower 
concentration of phenol than optimized value (table 1). 
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Table 1: Design of technological combinations (23) with optimized chemical parameters for the biotransformation of phenol to L-tyrosine 
with resting cells of C. freundii MTCC 2424 
 




1 0.25 0.1 0.2 70 6.59 
2 0.25 0.1 0.1 60 5.65 
3 0.25 0.05 0.2 78 3.67 
4 0.25 0.05 0.1 69 3.25 
5 0.05 0.1 0.2 61 5.74 
6 0.05 0.1 0.1 57 5.36 
7 0.05 0.05 0.2 63 2.96 
8 0.05 0.05 0.1 59 2.78 
 
The results of fed batch studies showed that in first set of reaction 
(fig. 3), initially the L-tyrosine conversion was 49 % (2.3 g/l) and 
after supplementing phenol it increased to 68 % (6.40 g/l). The 
increase in bioconversion might be due to the lesser inhibition or 
denaturation effect of phenol on tyrosine phenol lyase activity. In 
another set of reaction (fig. 4), initially the L-tyrosine conversion 
was 54 % (5.08 g/l) and after feeding phenol it was 43 % (6.07 g/l). 
In second set of reaction, L-tyrosine production was found to 
decrease slightly after feeding phenol probably due to the loss of 
stability of the enzyme at it's higher concentration. A fed batch 
reactor with continuous feeding of phenol, pyruvate, and ammonia 
has been developed for efficient synthesis of L-tyrosine [23]. A 
thermo and chemo stable tyrosine phenol lyase from S. toebii was 
employed for this purpose. This biotransformation system produced 
130 g/l of L-tyrosine (mostly as precipitated particles) within 30 h 
upon continuous feeding of substrates for 22 h and maximum 
conversion obtained on the basis of supplied phenol was 94 %. 
 
Fig. 3: Fed batch biosynthesis of L-tyrosine    (0.05 M 
Phenol in batch mode and addition of 0.05 M phenol) 
 
 
Fig. 4: Fed batch biosynthesis of L-tyrosine  (0.1 M 




In view of recent advances, it is clear that microbial fermentation is 
becoming a very viable alternative option for L-tyrosine production. 
In present study, technological combinations were designed to 
enhance the L-tyrosine synthesis. It was interesting to note that 
maximum L-tyrosine synthesized in technological combinations was 
with lower concentration of phenol than optimized values. This 
approach guarantees faster achievement of best combination with 
minimum production cost and time for L-tyrosine synthesis, thus 
helpful in comparing the fermentation processes and designing of 
better bioprocesses. Fed batch biosynthesis of L-tyrosine was also 
studied at different phenol concentration. Higher phenol 
concentration was found to be inhibitory due to phenol inactivation 
of catalyst. Production of L-tyrosine at minimum cost and energy is 
helpful in meeting the challenging need of various industries.  
ACKNOWLEDGMENT  
I would like to give my sincere thanks and regards to Dr. Wamik 
Azmi, Assistant Professor, HPU Shimla, India for their valuable 
support and guidance.    
REFERENCES 
1. Bongaerts J, Kramer M, Muller U, Raeven L, Wubbolts M. 
Metabolic engineering for microbial production of aromatic 
amino acids and derived compounds. Metab Eng 2001;3:289-
300. 
2. Seetharam G, Saville B. L-DOPA production from tyrosinase 
immobilized in zeolite. Enz Microb Technol 2002;31:747-753. 
Bourke SL, Kohn J. Polymers derived from the amino acid L-
tyrosine: polycarbonates, polyarilates and copolymers with 
poly (ethylene glycol). Adv Drug Del Rev 2003;55:447-466. 
3. Cabrera-Valladares N, Martinez A, Pinero S, Lagunas-Munoz 
VH, Tinoco R, De Anda R, Vazquez-Duhatt R, Bolivar F, Gosset 
G. Expression of the melA gene from Rhizobium etli CFN42 in 
E. coli and characterization of the encoded tyrosinase. Enz 
Microbiol Technol 2006;38:772-779. 
4. Sariaslani FS. Development of a combined biological and 
chemical process for production of industrial aromatics from 
renewable resources. Annu Rev Microbiol 2007;61:51-69. 
5. Hao S, Avraham Y, Bonne O, Berry EM. Separation induced 
body weight loss, impairment in alternation behaviour and 
automatic tone: effects of tyrosine. Pharmacol Biochem Behav 
2001;68:273-81. 
6. Neri DF, Weigmann D, Stanny RR, Shappell SA, McCardie A, 
Mckay DL. The effect of tyrosine on cognitive performance 
during extended wakefulness. Avail Space Environ Med 
1995;66:313-319. 
7. Neri DF, Weigmann D, Stanny RR, Shappell SA, McCardie A, 
Mckay DL. The effect of tyrosine on cognitive performance 
during extended wakefulness. Avail Space Environ Med 
1995;66:313-319. 
8. Magill RA, Waters WF, Bray GA, Volaufova J, Smith SR, 
Lieberman HR, McNevin N, Ryan DH. Effects of tyrosine, 
phentermine, caffeine D-amphetamine and placebo on 
cognitive and motor performance deficits during sleep 
deprivation. Nutr Neurosci 2003;6:237-46. 




Innovare Journal of Life Sciences, Vol 6, Issue 1, 2018,  
 
9. Deijen JB, Orlebeke JF. Effect of tyrosine on cognitive function 
and blood pressure under stress. Brain Res Bull 1994;33:319-
23. 
10. Deijen JB, Weintjes CJ, Vullinghs HF, Cloin PA, Langefeld JJ. 
Tyrosine improves cognitive performance and reduces blood 
pressure in cadets after one week of a combat training course. 
Brain Res Bull 1999;48:203-9. 
11. Mahoney CR, Castellani J, Kramer FM, Young A, Lierberman 
HR. Tyrosine supplementation mitigates working memory 
decrements during cold exposure. Physiol Behav 2007;575-
582. 
12. Suzuki S, Hirahara T, Shim JK, Horiniuchi S, Beppu T. 
Purification and properties of thermostable β-tyrosinase from 
obligatory symbiotic thermophillic Symbiobacterium 
thermophillum. Biosci Biotech Biochem 1992;56:84-89. 
13. Polak J, Brzeseki H. Isolation of tyrosine phenol lyase from 
Citrobacter freundii. Biotech Lett 1990;12:805-810. 
14. Wang JT, Chang SC, Chen YC, Luh KT. Comparison of 
antimicrobial susceptibility of Citrobacter freundii isolates in 
two different time periods. J Microbiol Immunol Infect 
2000;33:258-62. 
15. 15. Dougan D, Wade D, Mearrick P. Effects of l-dopa 
metabolites at a dopamine receptor suggest a basis for ‘on-off’ 
effect in Parkinson’s disease. Nat 1975;254:70-72. 
16. Gelenberg AJ, Gibson CJ. Tyrosine for treatment of depression. 
Nutr Health 1884;3:163-173. 
17. Young SN. Behavioral effects of dietary neurotransmitters 
precursors: Basis and clinical aspects. Neurosci Biobehav Rev 
1996;20:313-323. 
18. Banderet LE, Lieberman HR. Treatment with tyrosine, a 
neurotransmitters precursor, reduces environmental stress in 
humans. Brain Res Bull 1989;22:759-762. 
19. Hoffman BB, Lefkowitz RJ, Hardman JG, Limbird LE, Ruddon 
RW, Gilman AD. Catecholamines and sympathomimetic drugs, 
and adrenergic receptor-antagonist. Goodman and Gilman’s, 
The Pharmacological Basis of Therapeutics. 9th ed. McGraw 
Hill, New York; 1996. p.199-250.  
20. Chandel M, Azmi W. Optimization of process parameters for 
production of tyrosine phenol lyase by Citrobacter freundii 
MTCC 2424. Bioresour Technol 2009;100:1840-1846. 
21. Fawett JK, Scott JE. A rapid method for determination of urea. J 
Clin Pathol 1960;13:156-159. 
22. Kumari V. Biotransformation of phenol to L-tyrosine with 
resting cells of Citrobacter freundii MTCC 2424. Int J Life 
Scienti Res 2017;3:1339-1344. 
23. Kim DY, Rha E, Choi SL, Song JJ, Hong SP, Sung MH, Lee SG. 
Development of bioreactor system for L-tyrosine synthesis 
using thermostable tyrosine phenol lyase. J Microbiol 
Biotechnol2007;17:116-122.
 
   13
  
